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Figure 2. Shelf/slope/fan map showing area compartments for which calculations
were made and tabulated in Table 1

This report (map) is preliminary and has not been reviewed for conformity with 
U.S. Geological Survey editorial standards (or with the North American
Striatigraphic Code).  Any use of trade, product or firm names is for descriptive
purposes only and does not imply endorsement by the U.S. Government.
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Figure 1.  Isopach map of the Mid-Shelf Silt Deposit compiled from pre-existing
                USGS seismic survey data. Bathymetry contours generated by
                Michael R. Hamer from NOS hydrographic soundings obtained from NOAA

  

The purpose of this report is to compile and analyze existing data which lend
support to the development of a sediment budget for the Columbia River, coastal,

and offshore regions of southwest Washington. This will contribute to the construction 
of a sediment budget model which will reflect sediment sources, depocenters, and the

contribution to each region. Figure 1 describes the origin, distribution, and
thickness of the Mid-Shelf Silt Deposit (MSSD) based on analysis of seismic data

acquired between 1976-1980 (Wolf et al., 1997). Sediment volumes deposited during
the past 5000 years were calculated for each of the physiographic areal compartments

shown in Figure 2. Table 1 organizes the data from Figures 1 and 2 into tabular form. This
table provides a representation of the percent volume and weight of sediment types

which contribute to the estimated Columbia River sediment budget. The
compartments shown in Figure 2 are color co-ordinated with Table 1.

 

 version 1.0

Nittrouer (1978), Nittrouer and Sternberg(1981) interpret and describe a sediment unit on the continental shelf as a 
Mid-Shelf Silt Deposit (MSSD) which on seismic records is represented by a dense, dark band of reflectors at the 

seabed overlying an acoustically transparent unit which Nittrouer describes as a transgressive sand unit (TSL). He 
observed the MSSD on the continental shelf west of the Columbia River mouth to as far north as the Juan de Fuca 

Canyon which incises the shelf. Thickness of the unit is shown in white highlighted circles at various locations in 
Figure 1.This unit thins from south to north. Grim and Bennet (1969) have conducted geophysical studies in the 

region as well. Peterson and Phipps (1992) describe the Holocene sedimentary framework for the Grays Harbor Basin.
We recognize the MSSD unit on seismic profiles southwest, west, and northwest of the Columbia River mouth to north of Grays 

Harbor and mapped it as a single unit. North of Grays Harbor the acoustic signature becomes less obvious and difficult to trace. 
In this region, the thickness of total unconsolidated sediment, which includes the MSSD sediments (Wolf et al, 1997), is 

similar to that described for the MSSD by Nittrouer. We thus combined this USGS data set with what we interpret as 
the MSSD sequence to the south to formulate an isopach map of the Mid-Shelf Silt Deposit (Figure 1).

 The thickness of the Mid-Shelf Silt Deposit (MSSD) was contoured at 5 m intervals to 10 meters thickness 
and at 10 m intervals thereafter.  A maximum sediment thickness of 35 meters was observed 10-15 km 
northwest of the Columbia River mouth. Nittrouer (1978) indicates that the MSSD deposit is a product of 
Columbia River discharge and thus we should be able to relate it to overall sediment budgets for the 
region. The volume of the total MSSD unit (48.5 Km3), as shown in Figure 1, was determined to 
facilitate calculations of the Columbia River sediment budget.
  Sediments transported directly westward from the Columbia River mouth form two thick lobes 
bisected by the Astoria Canyon.  The northwest lobe is composed of silt and sand (Nittrouer, 1978) 
and has the greater sediment accumulation.  It thins northwestward toward Quinault Canyon 
(Nittrouer, 1978).  Nittrouer (1978) interprets the MSSD to represent a modern sediment 
accumulation of age 3,000 to 7,000 years. The southern lobe, not described by Nittrouer, 
thins to the southwest, suggesting that it formed from sediments transported southward 
from the Columbia River mouth along the Oregon continental shelf.

The bifurcation of the lobes may reflect seasonal control of sediment transport by 
surface currents flowing north during winter and south during the summer and 
autumn (Gross and Nelson, 1966; Conomos, 1968; Carlson and others, 1975).  
The winter phase is the period of high river discharge and high sediment load, 
consistent with greater sediment accumulation in the northern lobe.  Seismic 
data are lacking near the head of Astoria Canyon, nonetheless, the limited 
available data suggest that the sediments appear to thicken towards the 
head of the Astoria Canyon.  This thickening suggests that a significant 
amount of Columbia River-derived sediment flows into the canyon head 
and likely is transported down the canyon to make up another component 
of the Columbia River sediment budget (Figure 2).

Sediments on the continental shelf to the west and north of Grays Harbor thin 
to 10 meters or less.  Sediment transported northwesterly across the outer shelf 
is intercepted by Quinault Canyon which cuts to within 25 km of the coast.  
Nittrouer (1978) and Sternberg (1986)  show that part of the sediment is 
captured by Quinault Canyon and transported down the canyon to the 
abyssal plain.
 Sternberg (1986) has investigated modern sediment transport and 

dispersal patterns of sediment over the Washington continental shelf. 
Based on modern sediment accumulation rates from Pb 210 activity 

and an assumed Columbia River sediment load of 21 million 
tons/year (Nittrouer et al., 1979), he estimates that approximately 

67% of the total Columbia River sediment discharge accumulates on the shelf in the MSSD. He 
also estimates that 6% of the annual sediment discharge is transported over the shelf edge 

and 11% of the sediment is deposited in the Quinault (3%), Grays (1%), Willapa (2%), and 
Astoria  (5%) canyon systems.

Based on sediment volumes deposited during the past 5,000 years, we estimate that 65.9% of the late 
Holocene Columbia River sediment were deposited in the MSSD, 5.7% were deposited in Astoria Canyon, 
6.3% in Washington Canyons, 4.7% on the Washington-Oregon slope excluding canyons, and 17.3% were 
deposited in the Cascadia abyssal basin floor and channel systems. We calculate that the minimum average 
sediment load of the Columbia River is 20 million metric tons each year in the late Holocene. Our budget does 
not include the paralic deposits (inner shelf, shoreline, and estuarine) of the southern Washington and northern 
Oregon margin that also appear to be mainly derived from the Columbia River sediment source. Because the 

best estimate of the present-day sediment load of the Columbia River is 5 million tons/year (Sherwood 
et al., 1990), our data suggest that there has been a minimum of 75% reduction in  late Holocene 
sediment load of the Columbia River. This reduction may have been caused in part by 
anthropogenic effects such as construction of dams along the river.
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 DRY BULK (1)
     DENSITY
(metric tons/m3 )

GEOGRAPHIC AREA VOLUME
   Km3

    WEIGHT
(metric tons/yr)

CORRECTION
    FACTOR (2)

    CORRECTED
WEIGHT (TONS/YR)

% COLUMBIA R.
      BUDGET

   WA/OR MID/OUTER SHELF 48.500 1.41 13,677,000 -3.5% 13,198,305 65.87

WASHINGTON SLOPE * N/A N/A N/A N/A 1,300,000 6.49

WASHINGTON CANYONS * N/A N/A N/A N/A 1,255,000 6.27

N. CASCADIA BASIN 2.612    0.85 444,040 -3.2% 429,830 2.15

CASCADIA CHANNEL 5.757    0.85 978,690 -3.8% 941,499 4.70

ASTORIA CANYON FLOOR 0.873    0.96 167,529 -2.9% 162,670 0.81

NORTHERN OREGON SLOPE 3.493    0.96 670,656 -2.9% 651,206 3.25

NORTHERN ASTORIA FAN 3.287    0.85 558,879 -3.0% 542,112 2.71

CENTRAL ASTORIA FAN 7.809    0.85 1,327,530 -36.2% 846,964 4.23

SOUTHERN ASTORIA FAN 14.138    0.85 2,403,460 -70.8% 701,810 3.50

20,017,110 100.00TOTAL OFFSHORE COLUMBIA RIVER SEDIMENT PER YEAR **

* Washington slope and canyons from Sternberg (1986)
** not including inner shelf, shoreline, and estuarine sediments

ASTORIA CANYON N/A N/A 1,174,000 -2.9% 1,139,954 5.69
ASTORIA CHANNEL

NORTHERN ASTORIA FAN 0.182 0.85 30,940 -3.0% 30,012 0.15
CENTRAL ASTORIA FAN  1.166 0.85 198,220 -36.2% 126,464

1,296,430 6.47

0.63

6.271,255,000N/AN/AN/AN/A
5.757 0.85 978,690 -3.8% 941,499 4.7

10.972,196,499

CASCADIA CHANNEL
WASHINGTON CANYONS

TOTAL

TOTAL

Table 1. Estimated Columbia River Sediment Budget

Fig. 1

Astoria
Canyon

(1) Dry bulk density numbers were derived mainly from sediment water content and textural data of Carlson (1967), Griggs (1969), Nelson (1968),
and Nittrouer (1978) converted to dry bulk density values with the formulas of Hamilton (1970) and Lambe and Whitman (1969). In addition, cores
taken in 1998, on the Washington and Oregon shelf, along N-S and E-W transects had direct measurements of density that were taken by the
core sediment logger.

(2) Correction factors account for autochthonous organic carbon and carbonate carbon contents measured in sediment cores from the different
physiographic areal compartments: the shelf sediment factor is from Nittrouer (1978); N. Cascadia Basin and Cascadia channel factors are from
Griggs (1969); Astoria Canyon floor and northern Oregon slope factor are from Carlson (1968); Astoria Fan factors are from Nelson (1968). The
large central and southern Astoria Fan correction factors are derived from Holocene clay mineralogical analyses of Duncan et al (1970) which
show that about 33% of clays in the central Astoria Fan and about 68% of clays from the southern Astoria Fan are from non-Columbia River sources .
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Lambe, T.W., Whitman R.V., 1969, Soil Mechanics, John Wiley and Sons, N.Y., 553 p.
Nelson, C.H., 1968, Marine geology of Astoria Deep-Sea Fan, Ph.D. dissertation, Oregon State University, Corvallis, Oregon, 287 p.
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